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Summary and Conclusion 
1. The genus Potyvirus is the largest single taxonomic group of plant viruses and at least 
one fifth of all described plant viruses are potyvimses. In tropical countries, ths  group 
of viruses affect almost every cultivated crop. In the Indian subcontinent, Chilli is an 
economically important crop, with great export potential. However, a major bottleneck 
to chilli cultivation has been crop loss due to infection by viruses, particularly by a 
potyvirus, known as Peppev vein banding virus (PVBV). The present thesis deals with 
molecular characterization of PVBV with respect to its taxonomic position, virion 
assembly, functional characterization of the major viral proteinase and mechanism of 
replication initiation. 
2. A review of current literature on Potyvirus genome organization, architecture, assembly, 
replication, gene expression and polyprotein processing is presented in the Chapter 1. 
Chapter-I also includes a brief review on recent progress in the understanding of 
potyvirus transmission, movement, symptom expression and suppression of gene 
silencing. 
3. The genome of potyviruses is single-stranded positive-sense RNA of approximately 
9.7kb, the 5' end is covalently linked to the Tyr residue of VPg via a ~hospho di-ester 
bond and 3' end is poly-adenylated. The genome contains a single open reading frame 
(ORF) and two un-translated regions (UTR) at the 5'- and the 3'-termini flanking the 
single ORF. In a11 potyviruses, the ORF encodes a poly-protein, which undergoes 
proteolytic processing to give rise to individual viral proteins. 
4. Potyviruses are flexuous rod shaped viruses and their genome consists of positive-sense 
single-stranded RNA of size -10kb which is warped within successive turns of coat 
protein subunits. Each turn of the helix consists of 7-8 coat protein subunits and -10,000 
CP subunits surround the total genome. The dissociation of potyvirus particles and their 
reassembly has been studied in Potato virus Y (PVY) and it was shown that, under 
certain conditions of high ionic strength and extreme pH, it could be dissociated. It has 
been shown that N-terminal and C-terminal residues are surface exposed and can be 
removed from the virus without affecting the structural integrity by limited proteolysis. 
Potyviral CP has been expressed in E.coli, yeast, insect and mammalian systems and in 
all the systems formation of heterogeneous length filamentous virus like particles 
(VLPs) were reported. Site directed mutagenesis studies in Johnsongrass mosaic virus 
(JGMV) have highlighted the importance of conserved residues R194 and D238 
involved in salt-bridge formation in virus assembly. 
5. Majority of the potyviruses are aphid transmitted in a non-persistent manner. A 
potyvirus protein known as helper-component (HC) is involved in the aphid 
transmission. A highly conserved Pro-Thr-Lys (P-T-K) in the central region of the HC 
protein is involved in the interaction with CP and another conserved motif, Lys-Ile-Thr- 
Cys (K-I-T-C) located in the N terminal region is involved in the binding to the aphid 
mouth parts. Apart from HC-Pro, CP plays very important role in the transport and 
movement of potyviruses. 
6. potyviruses are similar to picomaviruses in their genome organization, expression 
strategy and replication. Hence, these are classified under "Picomavirus like 
superfamilf'. expression of potyviruses involves synthesis of precursor 
~olyprotein and processing by viral proteinases. Overall translational strategy of the 
potyviruses resembles that of eucaryotic mRNA translation. 5'-terminal VPg and 5'- 
UTR interact with the eF4E and helps recruiting the 40s ribosomal subunit, which then 
scans the 5'-UTR till the authentic start codon is reached. At the start codon, 60s 
ribosomal subunit joins the complex and elongation of translation begins. The potyvirus 
translation product is the large precursor poly-protein. 
7. Three potyviral proteinases PI, HC-Pro and NIa proteinase are involved in this poly- 
protein processing. P1 proteinase has cis-proteinase activity and contains serine 
proteinase active site motif. The proteinase has a conserved cleavage site and causes a 
cleavage C-terminus to the Phe or Tyr (-1 position) and N-terminus to the Ser (+1 
position) thus removes itself from the rest of the polyprotein. HCPro also has cis- 
proteinase activity and is responsible for the HCPro-P3 cleavage. The proteolytically 
active domain of HC-Pro is localized at its C-terminal half and has Cys and His residue 
at the active site and resembles papain like family of cysteine proteinases. Ma protein is 
the key player in poly-protein processing and it has two distinct domains; N-terminal 
domain is known as viral genome-linked protein (VPg) and the C-terminal domain 
functions as chymotrypsin like serine proteinase, however, it has a cysteine instead of 
serine in the active site and the catalytic triad is composed of histidine, aspartate and 
cysteine. NIa proteinase has a hepta-peptide recognition sequence and the cleavage 
occurs between the Gln-Ala present within the recognition sequence. Recently crystal 
structure of TEV NIa proteinase was determined with a substrate peptide and this 
provides significant insight into the substrate specificity of the enzyme. 
8. Like all other positive sense single stranded RNA viruses, the replication of potyviruses 
involves synthesis of negative-sense RNA complementary to the genomic RNA, which 
is used as template for synthesizing positive-sense progeny M A .  Two potyviral 
proteins that play crucial role in the replication of the viruses are VPg and the NZb. 
Potyvirus Nlb function as the RdRp and first catalyzes uridylylation of the VPg and 
covalently couples uridine nucleotide to the active site tyrosine residue of the VPg. Such 
a VPg act as the protein-primer of negative and positive strand RNA synthesis. Although 
detailed mechanism of potyvirus replication is not understood, the other viral proteins 
implicated in the replication is the CI protein. The helicase activity of the CI might be 
involved in the unwinding of the double stranded replication intermediates. 
9. Although potyviruses cause enormous damage to the crop plants all over the world, a 
thorough understanding of the functions of different proteins in the virus life-cycle or 
molecular details of mechanism of infection, is lacking. Among the viruses reported 
from India, PVBV is an important potyvirus and a major bottleneck to chilli cultivation. 
So far no resistant plant varieties are available and cultural practices are ineffective in 
controlling the disease. Therefore an attempt was made to characterize the virus at the 
molecular level not only to provide a basis for developing strategies for its control, but 
also to use PVBV as model system to obtain molecular insight into the potyvirus life- 
cycle and the infection process. 
The present study included following objectives: 
(a) To complete the nucleotide sequence of PVBV genomic RNA and determine its 
taxonomic position in relation to other potyviruses. 
(b) To elucidate the mechanism of assembly/disassembly of flexuous rod shaped 
viruses using PVBV as a model 
(c) To characterize recombinant NIa proteinase and elucidate its function. 
(d) To study the mechanism of replication initiation of potyviruses using PVBV as a 
model. 
10. The experimental procedures employed in the study such as construction of the 
recombinant clones, protein expression and purification, site directed mutagenesis, and 
other biochemical and molecular biological methods used in this study, are described in 
detail in Chapter 2. 
1 I. Previous studies have led to the determination of partial sequence of PVBV genomic 
RNA from the 3'-terminus. Chapter 3 describes determination of 5' terminal nucleotide 
sequence in order to obtain the complete genomic sequence of PVBV. The complete 
genome of PVBV (GenBank accession number AJ237843) is composed of 9711 
nucleotides and the genome contains 5' and 3' untranslated regions (UTR) of length 163 
and 283 nucleotides, respectively. Between the two UTRs there is a single open reading 
erne (ORF) that starts at nucleotide 164 and ends at 9427. The ORF codes for a 
polyprotein (3088 amino acids) of calculated molecular weight of 349903.5 Da, which is 
further cleaved into individual proteins by viral proteinases. A comparison of full-length 
polyprotein sequences of the PVBV with other potyviruses revealed that PVBV is a 
distinct member of the genus Potyvirus, family Potyviridae. 
12. Chapter 4 deals with the mechanism of assembly/disassembly of PVBV. The 
mechanism of assembly of flexuous viruses, such as potyviruses, is poorly understood. 
previously, recombinant PVBV CP was expressed in the E.coli and was shown to form 
virus like particles (VLPs). The results presented in this chapter provide evidence that 
disassembly and re-assembly of PVBV VLPs, proceed via an octameric "'ring-like" 
intermediate and show that electrostatic interactions are pivotal in stabilizing the 
particles. Although the surface exposed N and C-terminal residues can be removed from 
the VLPs by limited trypsinization without affecting their stability, the truncated CP 
subunits obtained from such VLPs are unable to reassemble into VLPs. 
13. To further evaluate the importance of these residues, N and C-terminal deletion mutants 
were generated and their assembly behavior investigated. N-terminal 53 and C-terminal 
23 amino acids are found to be crucial for the inter-subunit "head-to tail" interactions 
involved in the initiation of virus assembly. These segments are surface exposed in the 
ring-like intermediate and are dispensable for further interactions that result in the 
formation of the VLPs. 
14. Chapter 5 describes novel deoxyribonuclease (DNase) activity of PVBV NIa 
proteinase. The PVBV NIa proteinase is a sequence specific proteinase required for 
processing of viral poly-protein in the cytoplasm. It accumulates in the nucleus of the 
infected plant cell and forms inclusion bodies. The function of this protein in the 
nucleus is not clear. Previous studies have shown that purified recombinant NIa 
proteinase is active and the mutation of the catalytic residues D8 1 and C15 1 results in 
complete loss of activity. However, in these studies an insoluble fusion protein, NIb- 
CP, was used as substrate. In the present study, two independent assays- bead attached 
substrate assay and GFP-CP fusion substrate assay were standardized. Using both these 
procedures, recombinant NIa proteinase was shown to be catalytically active with a 
Kcat 0.0214 sec-1. The active site mutants C151A, H46A, D81N and DXlG were 
inactive, as expected. Interestingly the PVBV NIa proteinase exhibited hitherto 
unidentified activity namely non-specific dsDNA degradation. This DNase activity of 
the NIa proteinase showed an absolute requirement for M ~ ~ ~ .  
15. Site-specific mutational analysis showed that of the three catalytic residues, D8 1 was 
the crucial residue for DNase activity. Mutation of H46 and C 15 1 had no effect on the 
DNase activity, whereas mutant D81N was partially active and D81 G was completely 
inactive. Based on the kinetic analysis and molecular modeling, a metal ion dependent 
catalysis similar to that observed in other non-specific DNases is proposed. Similar 
results were obtained with GST-hsed PVBV NIa proteinase and Tobacco etch virus 
Nla proteinase, confirming that the DNase function is an intrinsic property of potyviral 
M a  proteinase. 
16. The M a  protein (VPg-NIa proteinase) present in the infected plant nuclear extract also 
showed the proteinase and the DNase activities suggesting that PVBV Ma protein 
which accumulates in the nucleus late in the infection cycle might serve to degrade the 
host DNA. The dual h c t i o n  of the NIa proteinase could play an important role in the 
life cycle of the virus. 
17. Like in other potyviruses, the genomic RNA of PVBV is covalently attached to a viral 
genome-linked protein (VPg) at the 5'-terminus and it has poly(A) tract at the 3'- 
terminus. In order to establish the role of VPg in the initiation of replication of the 
virus, recombinant PVBV NIb and VPg were over-expressed in Escherichia coli and 
purified under non-denaturing conditions. PVBV NIb was found to be active as 
polymerase. Further, the recombinant Nib was capable of uridylylation VPg in a 
template-independent manner in an in vitro reaction. 
18. The amino acid residue uridylylated by NIb was identified to be Tyr 66 of VPg by site 
directed rnutagenesis. N- and C-terminal deletion analysis of VPg revealed that N- 
terminal 21 and C-tenninal 92 residues of PVBV VPg are dispensable for in vitro 
uridylylation (Chapter 6). The results presented in this chapter indicate that in the 
potyviruses, NIb is responsible for uridylylation of VPg that might prime the synthesis 
of progeny RNA. 
19. In conclusion, the results presented in this thesis establish that (i) PVBV is a distinct 
member of the genus potyvirus (ii) Ionic interactions play a crucial role in the 
assembly/disassembly of the PVBV (iii) Head to tail interactions between the surface 
exposed amino and carboxy terminal residues of CP subunits are essential for initiation 
of virus assembly (iv) PVBV NIa proteinase is a dual ftinction enzyme: it has sequence 
specific proteinase activity and non-specific DNase activity (v) Recombinant PVBV 
NTb has polymerase and VPg-uridylylation activity in vitro and (vi) Tyr 66 of PVBV 
VPg is uridylylated by the NIb protein which could function as primer for RNA 
synthesis 
